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MONDAY 18 JULY 88 8h30 Registration
:Chairmen : 9h Welcome

H.U.HABERMEIER Session I 9h30 SEM microcharacterization of semiconductors
by EBIC and CL.
D.B. HOLT

10h30 Electron and photon-matter interaction.
E. NAPCHAN

11h30 Break
A.JAKUBOWICS Session 2 12h Modelling of the EBIC measurements of

diffusion lengths and the recombination contrast.
C. DONOLATO.

14h POSTERS
G.R.BOOKER Session 3 16h Minority carrier diffusion length : measurement

by EBIC, connection to material microstructure.
M. KITTLER, W. SEIFERT.

17h ROUND TABLES : parallel sessions
1) A. JAKUBOWICZ
2) J.-F. BRESSE

19h SOCIAL EVENT : wines and songs.

TUESDAY 19 JULY 88

M. WILSHAW Session 4 9h STEM-catholumr-escence...
J.NJ. STEEDS

lOh Intrinsic or extrinsic origin of the recombinations
at defects.
B. SIEBER

11h Break
-A.ROCHER Session 5 11h30 LBIC quantitative mapping.

A. LAUGIER

14h POSTERS
W.SCHROTER Session 6 16h Scanning DLTS.

0. BREITENSTEIN

17h ROUND TABLES : paralell sessions.
1) J.-L. MAURICE
2) W. SCHROTER



WEDNESDAY 20 JULY 88

M.DUPUY Session 7 9h CL in laser heterojunctions.
P. HENOC

lOh CL in quantum-wells.
J. CHRISTEN

llh Break

Y.MARFAING Session 8 11h30 Electron and optical beam testing of
integrated circuits.
J.P. COLLIN

14h ROUND TABLE

D.B. HOLT

15h POSTERS AND FAREWELL TEA.

16h30 END of the workshop.
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Scaraing-DLTS

0. Breitenstein

Institute of Solid State Physics and Electron Uicroscopy,

Academy of Sciences of the GDR, DDR-4010 Halle, German Dem. Rep.

Sce-nirg Deep Level Transient Spectroscopy (SDLTS) is a current SEA

technique for the detection of the local distribution of deep level centres

in semiconductors /1, 2/. It is based on the application of the widely used

DLTS tech:ique measuring capacitance - or current transients on a space

charge structure after excitation pulses as a function of the temperature.

By means of Scannirg-DLTS - i.e. the excitation of the levels by an electron

probe - deep level states can be investigated spectroscopically with a

soatial resolution of a few microns. Scanning the pulsed electron beam (at

a temperature selected according to an interesting energy level) yields an

SDLTS image, and scanning the sample temperature with the electron beam

fixed at a certain position yields the DLTS spectrum being specifically

for this very position (Local DLTS).

The contribution deals with the physical foundations of the SDLTS tec~iique

and it discusses the demands on the instrumentation. The measurement prac-

tice is described and illustrated on several experimental examples.

Finally, the possibilities and limitations of SDLTS are critically re-

viewed.

References

/I/ P.M. Petroff, D.V. Lang, Appl. Phys. Lett. 31, 60-62, 1977

/2/ 0. Breitenstein, J. Heydenreich, Scanning Z, 273-289, 1985



LATERAL MAPPING OF ATOMIC SCALE INTERFACE
MORPHOLOGY AND DISLOCATIONS IN QUANTUM WELLS

BY CATHODOLUMINESCENCE IMAGING

J. Christen and D. Bimberg
Institut fiir Festk'rperphysik, Technische Universitdt Ber!in,

Hardenbergstrafle 36, 1000 Berlin 12, Germany

Our present knowledge of the atomic scale structural, chemical and electronic properties of
semiconductor interfaces is inversely proportional to their importance for a whole
generation of novel electronic and photonic quantum well devices. It is the purpose of this
paper to demonstrate how wavelength- and time- resolved cathodoluminescence
imaging (CLI) provides a one-to-one image of the crystallographic island structure of the
heterointerfaces which are the boundaries of the quantum well.

A detailed description of the fully computer controlled cathodoluminescence (CL) system
is given. The accelerating voltage, which is choosen to be 30 kV in our standard CL work, is
lowered to 3 kV in order to reduce the diameter of the carrier generation volume resulting in
an increase of the lateral CL resolution. The exciting electron beam is digitally scanned over
a sample area divided in up to 512 x 400 pixels. The CL signal is detected in de visible and
near infrared regime (GaAs quantum wells) by a cooled photomultiplier using the technique
of time resolved single photon counting. The total time resolution is better than 250 ps.
Our data acquisition technique has the unique advantage that simultaneously up to 14 time
windows can be activated, enabling us to record up to 14 spectra or up to 14 images
corresponding to different times with respect to the start of the exciting pulse in a
single run.

Results on AIGaAs/GaAs/AlGaAs quantum wells are presented as a typical example.
Direct images of growth islands differing by one monolayer height (2.8 A) at
GaAs/AIGaAs heterointerfaces and of the columnar structure of GaAs QW's are observed.
The dependance of the lateral extension of these islands, which for certain growth conditions
exceeds 6-7 gm, on the parameters of crystal growth is investigated. A transition from 2
dimensional to 3 dimensional crystal growth due to an increase of the MBE growth
temperature from 600 C to 620 C is clearly observed.

Spectrally- and time-resolved CLI experiments directly visualize the lateral diffusion
of the quasi two dimensional carriers along the quantum well interfaces and provide a
measure of the in-plane diffusion velocity in quantum well structures.

The CLI detection setup is further extended to the infrared regime, by adapting avalanche
photodiodes to the photon counting system. This enables CLI and time resolved CLI
investigation of InGaAs quantum wells and related material systems.

Strain induced dislocations in pseudomorphic strained layer quantum wells (e.g.
GaAs/InGaAs/GaAs QW's) are directly visualized by infrared CLI. Time resolved
experiments yield lifetime images arround these dislocations.



ELECTO\N .ND OPTICAL EEAM TESTING OF INTEGRATED CIRCUITS

Jean-Fhilipne COLLiN
TECHNOLOGY AXD FAILURE ANALYSIS LAECRATCRY

iEM - 2EFT. 41- 7

3.?. 27 - 32-10 CESTAS - FRANCE

The evolution cf Integrated Circuits technology and architecture is pushing today the
asscciated test and characterization techncicgy to even higher levels.
The test nust not only present even higher ;arazetric 7erformances like voltage, tenpcral
ans spatial resoluticns and a good fault coverage but also high level functicnalities like
a CAD link and automaticn capabilities.
Each and all cf these characteristics, when they are identified as m.easurenent and funo-
ticnal 7erfor.ances, need more and more of an alternative to the standard approach of the
ex:terral electrical test and the Internal rechanical prcbing.
This alternative does exist and corresponds to a set of techniques which are generally
cualified as internal ccntactless testing techniques. Although some of them have been
introcduced and used for zany years, the recent last years h~ve seen their diffuslcn into
the industry through connercial equipments : it is the case of E. Beam testing and photo-
e:citation which are fast eccming standards of the integrated Circuits bulk prcduction
characterizaticn and test. For the =cst advanced :ntegrated Circuits and package techno-
.ogy, sore other new technicues have been more recently intrcduced to address the typical
needs of the "beyond cne ricrcn and/or the 50 picoseccnds gate delay". This is for exarple
-ne case of *-JBTs or EEMTs devices.
:hfs paper presents an o'verview of E. Beam testing and laser testing techniques detailing
:heir pr:nciple and giving for then application exarples in the domain of Integrated Cir-
cuit fai!ure analysis --i characterization. FiZal , as it -F clear that rc singe tE-st
tec.r-'cue car 7rcviee a ccst are techrcal effective zrsver to the w4de range cf agp!Ica-
::rnE and 7CC s srd that a divide-ard-ccrcuer aTproach seens -ore appropriate, a ccnFara-
ti.-e study will he presented.



:ODHLG THE ,EASURE',ETS OF DIFFU SIGN LENGTHS

AND T RECO.MINATION CONTRAST AT EXTENDED DEFECTS

C. Don o'ato
CNR-Ist::uto LAMEL
Via Catap.noli 1, 401-6 Bologna, Italy

sum-narv

,ode.:n _ of EBIC experiments is usually done by describing: a) the
generation of electron-hole pairs in a semiconductor by the electron
beam; b) the diffusion of beam-injected minority carriers and their
recombination in the bulk, at the surface and extended defects; c)
carrier collection by a Schottky or p-n junction.

The alternative description proposed here relies on the notion of
charge-coloction probability 9;(r), i.e. the probability that a mino-
rity carrier generated at r will be collected by the junction. it is
shown that the distribution (r) in a given device can be found by
solving a homogeneous diffusion equation, and the induced current
is -he result of probing this device property with the generation
function of the electron beam.

ine most frequent EBIC experiments are revisited using this ap-
proach a:sd in some cases a simplif;ication of the mathematical treat-
ment is obtained. It is shown that some useful methods of recovering
semiconductor or defect properties from EBIC measurements make use
of asymptotic or average (integral) properties of T. In particular,
the use of the EBIC contrast profile area (instead of the maximum
contrast) for establishing the recombination strength of defects al-
lows a reduction of the number of dimensions of the corresponding
contrast model.



C T C D CL , CE _ _; E0 NCT :C N LA SEYS.S

-.. e cathcdcluniLnescernce noe(CL) cf the Sca!_nning Electrcn
*.icrcsccpe (SE1) allows evaluatinrg loccal properties of the active
layers cf d oute -hste ro 'unc tic n lasEr: 7S. in t he C L mode th
:,hencmenon of carriers separation caused by a space charge regicn1

-a ='-erzily avcided by the clbservaticn of heterostructures :5ithout,
eletrialjuncticn; but this observatio*,n is not usable for a laser

characterization because ecme ;roblems at the heterotype -urncticns
can also occur.

,..e application of an external bias or the creation cf a=n
.Lnt4ernal polarizati-ji due to a lccal accumulation of carriers under
:lec-:rcn bom'tbardmnr, may also be -,2ed to avoid this phencomernon.

.eaaysi s ofteC inlfo leaved laser facets as a
flunctioni of the external bias and cf the incident beam pow~er giv es
tr ee- regimes. The fir-s t one i s a regime of non-radiative

r -~tio , do=inated by , tr ap s located in the active layer itself'
Cr intert'aces. The second oecorresponds to sotreu

it be-cins when traps are saturated and varies !Lnearly
CIr wucaial ith the injected current, dependin~g on -uhether the

iecin is lc~ or high. The third one is super14inear and
:rrs~cdsto stimulated e-_Mission . Analys:ing the extension cf

--. ees regi. es tis rossc't--le to obtain a local evaluation of the-
Lnterface qul~y of the inenlefficiency of the active layer and

, he 1ccal .=ain

z) e,:a nti t a t ively h e.rst zrcpcse an analytical

r'o tra.etr simulation. The spatially averaged quality -and
stalhomcs.emeity of Ganl oul-htroucto lasers have

been oserved -.ith spectroscopically resolv;ed CL.



SEM MICROCHARACTERIZATION OF SEMICONDUCTORS BY EBIC AND CL

D.B. HOLT

Department of Materials.
imperial College of Science and Technology.
LONDON SW7 2BP

Abstract - Scanning elect-Dn microscope (SE.M) EBIC (electron beam induced
current) and CL (cathodoluminescence) methods are set in nerspective by
a brief survey of techniques of value in the inspection and characteri-
zation of semiconducting materials and devices. EBTC and CL observations
can be made in conventional SENIs. in dedicated. ultra-high vacuum STE's
(scanning transmission E.M.s) and in Temscan-tvre instruments (trans-
mission E.M.s with scanning facilities) and the relative merits of these
instruments are outlined.

Several recent advances in SEM EBIC and CL microcharacterization
(physical property measurements with a spatial resolution of a um) are
emphasised to provide a perspective for a brief account of some current
developments in these fields.

The availability of theoretical treatments make it possible to extract
reliable values of electronic and luminescence properties.
The emergence of quantitative EBIC and CL defect contrast Theories makes
possible the determination of the recombination strengths and other
characteristics of defects giving dark contrast. 'Microcomputer Monte
Carlo programs are now available for the simulation of electron trajec-
tories and the computation of energy dissipation distribution and hole-
electron pair generation functions. These can be used to compute EBIC
and CL contrast profiles, which makes the extraction of physical para-
meter values from the data far more practical.

EBIC analyses are being extended to a number of challenging new problems
One of these is bright or dark/bright defect contrast. Another is the
microcharacterization of Schottkv barriers with non-uniform heights and
charge collecting barriers such as heterojunctions. whose energy band
diagram i unknown. The application of image processing to VSLI
circuits for the rapid location of defects is progressing. Warwick has
given an interesting first discussion of the MAS corrections. analogous
to the well-known ZAF corrections for EPNIA (electron probe micro-
analysis), that will be needed for quantitative CL microanalysis.



MINCRITY-CARRIER DIFFUSION LENGTH: MEASURE!ENT BY EBIC, CC)N;ECTION TO

MATERIALS MICROSTRUCTURE AND RELATION TO DEVICE PEFCFMACE

M. Kittler and W. Seifert
Academy of Sciences of the GDR
Institute of Semiconductor Fhysics, Frankfurt(Oder), DDR-1200

After an introduction to recombination phenomena, with particular

emphasis on silicon, the existing different EBIC techniques for diffu-

sion-length measurement in homogeneous material are discussed and

compared. A new technique developed recently by us is described.

Diffusion-length measurement in thin layers is briefly treated, too.

Further, a method for evaluation of diffusion-length depth profiles is

given and its utilization for characterization of intrinsically get-

tered silicon is demonstrated.

The contribution of closely neighboured defects having EBIC contrast

to the mean diffusion length is investigated. The application of the

derived formulae to heat-treated Cz silicon is discussed and allcws to

identify essential sources of bulk recombination in this kind of

material.

It is demonstrated that more detailed information about recombination

processes may be obtained from diffusion-length measurements (e.g.

energetic levels of recombination centres, concentration of intersti-

tial iron in boron-doped Si).

Diffusion-length-related effects on device behaviour are dealt with,

too, showing that diffusion-length measurements may be useful in the

context of a 'lifetime engineering'.



LBIC QUANTITATIVE MAPPING

A. LAUGIER and J.P. BOYEAUX

La'ratoire de Physique de la Matire. Instirut National des Sciences Appliqudes de Lyon.
U.A.CNRS n'358. Br. 502. 20, Av. A. Einstein. 69621 Villeurbanne Cedex. France.

A localized source of excess carrier in semiconductors can be produced by a finely focused
ionizing beam. With a suitable structure of collection - namely a p/n or Schottky junction - the
generated carriers give a current available in an external circuit. Analysis of the signal thus
obtained can provide valuable information on the local transport properties of the material under
test.

Primarily, the surface probing can be carried out either by an electron-beam or by a
!ight-beam. The method of electron-beam-induced-current (EBIC) characterization has been widely
used and several attempts have been made to characterize the signal thus emitted. However, iany
of the experiments possible with the EBIC mode can be performed using a light-beam as the
excitation source.

The aim of this paper is to give a review of the physical parameters that may be obtained
us"ng the LBIC method. To quantitatively interpret the induced current signal, several conditions
are required, in particular: (i) a measurement of the beam power and a control of the low injection
level in order to avoid any change in the local transport properties. (ii) a measurement of the
reflecion coefficient at the device level.

Morever, the principle of carrier generation by light is different in comparison to that by
electrons: (i) a photon with energy excess than the band-gap of the material generates a single
electron hole pair; (ii) since light absorption follows an exponential law, it is not possible to define
a maximum penetration depth in the sample; (iii) recently, the finite beam cross section and
divergence has also been taken into account. Since the LBIC mode would not add any excess
charge to the specimen under test, this can be a major advantage, especially for high resistivity
material.

On the other hand, a contrast mechanism is necessary to interpret quantitatively the LBIC
signal for a specific defect. For example, Marek has recently developed a theoretical model giving
the photocurrent in the vicinity of grain boundaries. The diffusion length and the recombination
velocity at the grain boundary are obtained by fitting the theoretical and experimental photocurrent
profiles. In the next part of the paper, a description of a high spatial resolution apparatus
designed for a precise analysis of the local photovoltaic properties is given. Usually, a GaAs laser
diode ( 780 nm in wavelength ) is used in pulsed mode. This wavelength is well suited for Si
material ( the carriers are generated by the light upon 10 Pm ) and also for the study of the window
effect and the AR coating behaviour in the case of III-V solar cells. The numerical phorocurrent
value for each geometrical point is averaged in order to get a good signal/noise ratio and the
associated value is transferred to the computer memory . The total image is stored under a matrix
form (M lines, N columns ) corresponding to the investigated area. A grey level or false color
two-dimensional topography is obtained on the color display monitor by selecting i photocurrent
intervals associated with i levels. Since 1984, the LBIC quantitative mapping technique has been
used to obtain several physical parameters such the intra grain diffusion length, the recombination
velocity for minority carriers at the grain boundary ( polycrystalline silicon device ) or the
recombination velocity at the front-window interface ( Ill-V device). A comparison between the
system presented and other similar commercially available devices such as Scanning Optical
M;croscope is given.



ELECTRON AND PHOTON-MATTER INTERACTION

Eliahu Napchan

Department of Materials.
Imperial College,
London SW7 2BP.,
United Kingdom

Many physical phenomena that result from the interaction of a probing
beam with a solid target material depend on the beam energy dissipation.
Whether the purpose of the experiment is to study defects in a specimen.
or to characterize physical properties, energy dissipation is the link
between the beam parameters and the measured signals (e.g. charge
collection current, cathodoluminescence light emission, X-ray generation
secondary and back-scattered electron generation).

Other factors are intrinsically related to research work in the field of
defect studies in semiccn :ucting materials. The specimens studied are
usually in the form of completed. or almost finished devices. Their
-eometry can vary between production runs. either because of preparation
conditions or from design changes. A great part of the work done is
carried out for quality control, or failure analysis. Results of such
research are usually required on a short time scale.

The energy dissipation of a probing electron-beam inside a solid target
can be determined using empirical relations, mainframe Monte Carlo simu-
laticns of a large number of electron trajectories. or simplified M;onte
Carlo calculations run on micro-computers. The last approach will be
presented in detail here. It satisfies the requirements for speed and
flexibility with respect to specimen geometries. and can be easily
adapted to almost any type of experimental situation. It will be shown
that, in many instances, these methods are the only choice available.

The simulation is carried out on micro-computers. taking as input the
specimen geometry and composition. and the beam parameters. The
calculation is based on the Bethe energy loss relation and an empiri-
cally modified Rutherford relation for scattering of electrons. The
results consist of a graphical display of electron trajectories, an
energy dose plot, and a two dimensional matrix of energy deposition in
the specimen. This last output is used for the evaluation of the
required signals from the specimen, taking into consideration its
electrical and structural (defect) characteristics.
Results from such Monte Carlo simulations and their comparison with
experimentally evaluated data will be presented. These will include
work with heterojunctions and Schottky diodes with non-negligible metal
layers, and charge collection current evaluations from cross-sectional
linescans.

For light probe excitation no such methods are available. With the
increasing interest in techniques such as LBIC (light beam induced
current) and PL studies, and with the increase in resolution of these
techniques, it is possible that such methods will be developed.



Perfc-ance and Ac:lications cf a STE'M-Cathodoluminescence System

J. W. Steeds Physics Departzent
University of Bristc!
Bristol BSS 1TL U.K.

Abstract

This review will start with an outline of the key features which need to be
incorporated into STZM-CL systems. A detailed evaluation of their performance
in comparison with SEM CL systems will be made, and also with the
characterisation of defects in semiconductors which is possible by
phctoluminescence. Advantages and disadvantages will be reviewed and the
importance of working with a icn-free electron source will be stressed.

Next will follow a review of the performance of STLM-CL systems in terms of
spectral resolution, spatial resolution, time resolution, temperature
attainable and pumping levels achievable. Thin foil artefacts which contribute
to CL maps will be discussed and evaluated, specimen preparation strategies
will be described.Thickness dependence of spectra will be considered.

The application cf STEM-CL to studies of point, line and planar defects in
semiconductors will be explored. impurity concentration effects will be
discussed, results from threading and interface dislocations reviewed,
together with stacking faults, interface steps, twins, precipitates and oval
defects. This review will include substrates, epitaxial layers, conventional
heterostrctures, quantum wells and quantum dots. The materials used as
illustrations will include silicon, III-V and II-VI semiconductors as well
as ternary alloys.

in conclusion, some attention will be given to the study of electron radiation
damage effects and to the combination of EBIC with CL in STEM systems.
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EBIC MEASUREMENTS ON LOW ANGLE GRAIN BOUNDARIES

A. Bary and G. Nouet
Laboratoire d'Etudes et de Recherches sur les Matdriaux

ISMRa - Universitd, Boulevard du Mardchal Juin
14032 CAEN Cedex.

The largest grains in Polix ingots contain several low-angle
grain boundaries. The electrical properties of high angle grain boun-
daries have extensively been studied by EBIC/TEM techniques (1) but
comparatively less attention has been paid to those of low-angle
grain boundaries. However for Polix materials, in the regions of
large grains, the total length of low-angle grain boundaries can be
much greater than that of high-angle grain boundaries. Moreover, in
general the low-angle grain boundaries exhibit strong EBIC contrasts
suggesting that their electrical activity is at least of the same
order of magnitude than the electrical activity of high-angle grain
boundaries.

In this paper, EBIC measurements were performed on several
low-angle grain boundaries. The samples are cut in as-grown Polix
ingots doped with boron at the doping level 2.1016 at.cm"1 .

From the EBIC contrast profiles the recombination velocity
of the minority carriers at the boundary plane isdetermined (2).

It is found that the majority of the low-angle grain bounda-
ries are of tilt type, i.e. the rotation axis is located in boundary
plane, parallel to the dislocations lines.

For the low rotation angles (8 4 0.5") the boundaries lie in
(110) planes which are straight on a very long distance. There is

only one family of edge dislocations with a Burgers vectors b = -

2
(110) normal to the boundary plane. In general, these low-angle
grains boundaries are free of precipitates.

For the middle range rotation angles (0.5' 4 9 4 2') the
boundaries are facetted. The dominant facet planes are (110) or
(111) and in some cases (211). In the (110) facets there is one fa-

-, 1
mily of edge dislocations b = - (110). The (111) facets contain

2

either one family of identical Frank partial dislocations b = -
3

(111) or a distribution of three different families b (10).2
These boundaries often contain small precipitates located on the
dislocations.

For the high range rotation angles (2 4 8 7), in addi-
tion to these configurations more complicated ones are observed in-
volving (331), (431) facets. These boundaries contain a high concen-
tration of precipitates.

The observed boundaries show recombination velocities V. in

the range 1.8 1O4cm s" to 15 104 cm s'I. For the low and middle ran-
ge rotation angles, V . increases linearly with the density of
dislocations ; V. is roughly constant for the high range rotation
angles. EBIC measurements have also been performed on law-angle
grain boundaries intersecting at a triple junction. It has been no-
ticed that in the range of low rotation angles, the EBIC contrasts
and recombination velocities V. show an additive behaviour at the
junction. This fact supports also the idea that V, is roughly pro-
portionnal to the dislocation density for low rotation angles.

These observations suggest that there are different mecha-
nisms of minority carrier recombination. One of the parameters on
which depend the actual mechanism playing a role is the dislocation
density.

1 - A. Bary and G. Nouet, J. Appl. Phys., 1988, 63, 2.



POSSIBILITIES OF FORMATICN CT B?!GHT EBIC CONTRASTS DUE TO CRYSTAL

DEFECTS IN SILICON

H. Blumtritt+, M. Kittler++, and W. Seifert++
Academy of Sciences of the GDR
+ Institute of Solid State Physics and Electron Microscopy, Halle,
DDR-4020

++Institute of Semiconductor Physics, Frankfurt(Oder), DDR-1200

Besides the usual, well understood dark recombination contrasts, also

bright EBIC contrasts can be found at extended crystal defects in

silicon. Often they appear as bright haloes around dark contrasts, but

sole bright contrats are observed, too.

Different mechanisms may lead to the formation of such phenomena, thus

rendering clear identification of the contrast origin difficult some-

times.

The pcster discusses the possible origin of bright-contrast phenomena,

except phenomena caused by microplasmas and surface structure. The

following effects are illustrated by examples:

- doping inhomogeneities

contrast due to increased width of the junction space-charge

region

contrast due to plasma screening

- lifetime enhancement within getter zones

- charge collection by defect-own space-charge regions

- repulsion of minority carriers by charged defects

- other, injection-dependent effects.

Up to now there are no models available to describe these

contrast phenomena in a quantitative manner.



A New Approach for the Physical Interpretation of Temperature

Dependent EBIC Contrast Measurements

M. Bode and If.-U. Habermeier

Max-Planck-Institut fuar Festk6rperforschung

HeisenbergstraBe 1, D-7000 Stuttgart SO

Federal Republic of Germany

During the last decade several attempts have been made to obtain spectral information about defect

levels in silicon with temperature dependent EBIC measurements, but no generally accepted model

for the interpretation of the results has emerged. Some of the models even come to contradictory

results [1,2].

We will present a new model, which is based on the application of recombination statistics (Shockley-

Read-Hall) to the localized defect levels in the bandgap of the semiconductor. The temperature depen-

dence of the thermal velocity of the charge carriers (cc vTT) on the one hand, and the influence of the

t level and the Fermi energy position on the other hand lead to a maximum in the recombination

rate via this level, if the recombination rate is analyzed as a function of the sample temperature. The

EBIC contrast, which is a direct measurement of the recombination activity, reflects this dependence, if

the geometrical contributions to the contrast (i.e. mainly the diffusion length L of the minority carriers)

are assumed to be constant throughout the measured temperature range.

A re-interpretation of experimental results on dislocations obtained by Ourmazd [1] and Wilshaw and

Booker [2] shows the applicability of this model. A common feature of many experiments, as observed

by Jakubowicz et. a. [3], finds a simple explanation as well as differences between measurements of

Kimerling et. al. and own measurements on individual stacking faults.

We will also present measurements of defects related to substitutional gold in silicon, which exhibits

the double peak structure expected for two levels in the bandgap. The temperature, where the peaks

appear can be analyzed and yields the two main levels of substitutional gold.

(1) A. Ourmazd: Cryst. Res. Tech. 10, 137 - 146

(2) P.R. Wilshaw, G.R. Booker: Proc. Microsc. Semicond. Mat. Con. IV, Oxford (ed. A Cullis,

D B Holt, Inst. Phys. Conf. Ser. 76, Hilger, Bristol 1985)

(3) A. Jakubowicz, H.-U. Habermeier, A. Eisenbeiss, D. Kiss: Phys. stat. sol. (a) 104 (1987)

(4) L.C. Kimerling, H.J. Leamy, J.R. Patel: Appl. Phys. Lett. 30, 217 (1976)



Photocapacity study of grain boundary recombination in silicon ()

A. Broniatowski and D. Bernard,

Groupe de Physique des Solides de i'E.N.S.,
Universit6 de Paris VII, 2 Place Jussieu, 75251 Paris Cedex 05 (France).

Key features of the grain boundary recombination in semiconductors derive
from the limitation of the electron and hole flows to the interface, due to
diffusion through the potential barrier of the boundary. There follows a feed-
back effect in the process of recombination, as the electrostatic potential in
the barrier is determined in turn by the charge state of the boundary traps. To
our knowledge, no satisfactory account has been given so far of this feedback
effect on the kinetics of grain boundary recombination. To obtain a consistent
picture of the electronic processes taking place at the interface, one has thus
to write down a set of coupled equations describing (i) the diffusion of the
carriers through the potential barrier of the boundary; (ii) the recombination
of electrons and holes at the boundary traps (Shockley-Read recombination
statistics); and (iii) the relationship between the variation of the electrosta-
tic potential in the barrier and the occupancy of the boundary traps (Poisson
equation). These equations allow one to determine the magnitude of the boun-
dary charge and the recombination current as a function of the density of in-
jected carriers. Last, by computing the current density through the interface
for a small ac applied voltage, one obtains the expression for the complex
impedance of the boundary, that one needs to interpret the transport
properties of a bicrystal under light illumination.

In order to check the validity of this approach, we have carried out an experi-
mental study of grain boundary recombination by the means of photocapacity
measurements on an n-doped silicon bicrystal. The experimental setup cons-
ists of an optical bench fitted with a YAG laser (1.06g.) and a defocusing dev-
ice to monitor the density of minority carriers injected in the specimen. A
light chopper and a lock-in amplifier have been used to detect the photocapa-
citance signal at low injection levels. The measurements have been made on a
bicrystal, whose boundary states had been previously characterised by Deep
Level Transient Spectroscopy (DLTS) [1], and known to reduce to a single level
of a known density and energy location. The only fitting parameters left in
the model are thus the majority (electron) and the minority (hole) carrier
capture cross-sections. By adjusting the theoretical master-curve to the ex-
perimental data for the variation of the photocapacity vs. the density of in-
jected carriers, we find for the electrp?2ic cpture cross-section of the boun-
dary traps the value of (2.0±0.5)x 10"- cm . The adjustment is found practi-
cally insensitive to the value taken for the minority carrier capture cross-
section: this can be readily explained in the framework of the model, as the
majority carrier density at the interface is actually less than that of the mi-
nority carriers due to the barrier effect of the boundary. The majority carrier
capture cross-section is therefore the dominant parameter of the recombina-
tion at the boundary traps, contrary to what would be expected in the case of
recombination centres in the bulk.

This study also provides a new method of determining the recombination vel-
ocity of the boundary. The value deduced from the photocapacity measure-
ments is about 15 m/s. It would be interesting to check this value against
that obtained by experiments of a different type (Electron or Light Beam Ind-
uced Current measurements), on a similar specimen.

[1) A. Broniatowski, Phys. Rev. B36, 5895 (1987).

() This study is part of D. Bernard's doctoral thesis in physics.
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LIGHT BEAM INDUCED CURRENT IMAGING
OF THE ELECTRICAL ACTIVITY OF STACKING FAULTS IN CZ SILICON

A.Castaldini. A.Cavallini
Dept. of Physics, University of Bologna, Via 'rnerio 46, Bologna ITALY
A.Poggi. E.Susi
CNR-LAMEL Institute, Via Castagnoll I, Bologna ITALY

ABSTRACT
Microscopic inhomogeneities in the electrical properties of semiconductors are of great

importance to device performances, particularly in advanced device technology. Then in the last
few years great attention was paid to the processes which can change the material
microstructure, and. above all, to the gettering techniques, on account of their wide impact on
the overall yield of electronic tailored materials. With this aim. therefore, extended
investigations were carried out, mainly by electron and optical beam testing. In this respect, we
report here some results of a spectroscopic analysis performed on Si intrinsically gettered
samples by a scanning photocurrent microscopy technique[I] similar, in principle, to the light
beam induced current (LBIC) method. However, some differences in the experimental set-up have
turned out to be fundamental from the point of view of the instrument-sample interaction and,
then, of the information obtainable by the induced photocurrent signals. To probe the material.
an above-band-gap energy light from an halogen lamp is focused onto the sample, where a
Schottky barrier was provided. The light path is intercepted by interferential filters in the
visible-infrared range, so as to select the beam wavelength. To probe point-by-point the object,
the sample Is moved in a raster fashion across a stationary spot. As in EBIC and LBIC methods,
the electron-hole pairs generated by the beam give rise to an induced current I(x,y). This
current is measured as analog signal corresponding to the irradiated point, amplified by the
lock-in technique, converted from analog-to-digital form and, lastly, noise-cleaned by filtering
algorithms. This procedure makes it possible to detect current changes as low as 10-l4-I0- 13A.
Since a defect causes a local variation in the photoinduced carrier concentration, it is detected
by the induced current changes. It should be pointed out that the investigation method
described above and from now on called IRBIC (Infra-Red Beam Induced Current) method, even if
very similar to the LBIC one, differs from it for an essential element: the extremely low
injection level. The use of an halogen lamp as light source, instead of the laser employed in the
LBIC method, gives very low values of irradiance. This gives rise to problems in the signal
processing, but, on the other side, generates a very low bulk current level (as low as 10-'3A),
allowing the detection of current changes equal to some parts per cent of this value. In LBIC
mode [21 the rate of above-band-gap photon emission from a 1-mW He-Ne (6328A) laser
produces 3.2°10 5 photons'sec-1 . Usually it Is supposed that the beam Is attenuated by an
amount a=O.0l, so that, on impinging the semiconductor surface, 3.2'1013 electron-hole pairs are
generated per second. In our investigation we examined the samples with a beam power equal to
3.6"10-'mW. The electron-hole pair generation rate G was calculated by the expression [31:
G = PbQ(1-r)/(qE9) where Pb is the beam power, Q the quantum efficiency, T the back-
scattering coefficient, q the electronic charge and E9 the band gap. In our experimental
conditions G is 1.2"108sec-1 . The intensity of the light impinging on the sample resulted a
decisive factor in the imaging the electrical activity of the stacking faults. Moreover, due to the
ease of changing the wavelength of the light beam probing the sample, depth profiling of the
stacking fault electrical activity was obtained. By this way we detected the occurrence of
minority carrier recombination and generation processes at some stacking faults, corresponding,
respectively, to dark and bright levels in a grey-shade Imaging. A possible explanation based on
the presence of fixed charges [41 at the defect-silicon matrix interface is proposed.

REFERENCES
I. A.Castaldini and A.Cavalllni: Proc., SPIE O-E LASE '88, Conference on "Scanning

Microscopy Technologies and Applications", Jan.1988, Los Angeles, CA (in press)
2. T.*Xilson and C.Sheppard, Scanning Optical Microscopy, Sector 9.2, p.179-181 (Academic

Press, London, 1984).
3. S.M.Davidson and C.A.Dimitriadis: J.Microscopy, 118 (3) p.275-290 (1980).
4.A.Henry. J.L.Pautrat and K.Saminadayar, J.Appl.Phys. 60 (9), p.3192-3195 (1986)
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EBIC measurement of bulk and surface recombination in p-type silicon

Influence of oxidation and hydrogenation

I. DELIDAIS , P. MAUGISX, D. BALLUTAUDX, N. TABET " and J.-L. MAURICE*.

CNRS - Laboratoire de Physique des Matdriaux
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Effect of oxygen and hydrogen was studied in both single-crystal and
solar-grade polycrystalline p-type silicon.

The variation of EBIC collection efficiency versus voltage was used to
characterize both the local minority carrier diffusion length and the

surface electrical activity.

Preliminary experiments were made to check the effect of different
polishing processes. It was found that industrial basic liquids diminished

the diffusion length. Best results were obtained by standard diamond
polishing followed or not by copper nitrate mechano-chemical polishing.
Final preparation with HF , HNO 3 , CH3COOH mixing was used in all cases.

Hydrogen was introduced by low energy plasma and oxygen by surface

oxidation at 1000C in dry 02 . The oxide film was removed with HF before
deposit of the Schottky contact (Al thermal evaporation).

The collection efficiency at low beam voltage was enhanced by

hydrogenation, indicating passivation of surface states. However the images
of the hydrogenated samples showed dark zones indicating that surface was

damaged during plasma treatment. No EBIC could be obtained from oxidized
samples, an isolant film - non etched by HF - Is supposed to have formed.

Plasma hydrogenation of these samples restored collection efficiency up to

what was obtained in unoxidized hydrogenated samples.

Further experiments are in progress to understand oxygen and hydrogen
influence on silicon near-surface electrical activity.



Beam induced variations of GaAs cathodoluminescence
effect of hydrogen and deformation

A. Djemel, J. Castaing
Laboratoire de Physique des Materiaux
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Laboratoire de Physique des Solides

CNRS, 1 Place A. Briand, 92195 MEUDON Cedex (France)

We use cathodoluminescence (CL) in a scanning electron
microscope to study deep level recombination in semi-insulating
GaAs. Two kinds of specimens were examined (i) as-grown crystals
before and after hydrogenation, (ii) crystals deformed at high
temperatures before and after hydrogenation. Hydrogen is
introduced into the crystal using a R.F. hydrogen plasma (T =

240"C, t = 90 min.). A consequence of the introduction of
hydrogen is a substantial increase of the light emitted under
the electron beam, due to a passivation of deep level centers
[I].
For a static beam, the CL intensity decays with time in as-grown
crystals whereas it increases towards a maxi,.um in the same
hydrogenated crystals; for long time, the light emission finally
decreases. In deformed crystals, and before hydrogenation, the
CL intensity is time independent whereas after hydrogenation it
decreases. The characteristics of the variations depend of the
beam parameters (intensity, energy). The phenomena are due to
defect redistributions which alter the concentration of
recombination centers, the defect mobility being enhanced by the
electron bombardment. The similar variations have also been
observed with a laser beam [21, [3].

[1] DJEMEL, A., CASTAING, J., CHEVALLIER, J., & paraitre dans
Revue Phys. Appl. 22, n'7 (1988).

[2] GUIDOTTI, D., HASAN, E., HOVEL, H.J., ALBERT, M.
Appl. Phys. Lett. 50 (14) (1987) 912.

[3] RAJA, M.Y.A., BRUECK, S.R.J., OSINSKI, M., MCLNERNEY, J.
Appl. Phys. Lett. 52 (8) (1988) 625.
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CATIODOLUMINESCENCE AND POSITRON ANNIHILATION STUDY

OF DEFECT DISTRIBUTION IN Ill-V WAFERS

F. Domfnguez-Adame, B. Mndez, J. Piqueras, N, de Diego and J. Llopis

Departamento de Fisica de Materiales, Facultad de Fisicas

Universidad Complutense, 28040 Madrid, Spain

and

P. Moser

Service de Physique, Dpartement de Recherche Fondamentale

Centre d'Etudes Nucl~aires de Grenoble, 38041 Grenoble. France

Positron annihilation (PA) is a sensitive technique for detection of vacancy-type defects

in crystals, that has been widely used in recent years to study defects in semiconductors (1). On

the other side, CL and other luminescence techniques have been applied (2) to study the defect

distribution in semiconductor wafers. In some cases PA can be useful to interpret results obtained

by CL-SEM (3). In this work PA and CL have been used to investigate the distribution and nature

of defects in GaP:S, GaAs:Te and undoped SI GaAs wafers. CL intensity, dislocation density and

vacancy concentration profiles have been measured. The latter has been obtained by positron

lifetime measurements.

The results in GaP indicate that vacancies act as competitors of the green CL. From

the evolution of CL intensity and positron lifetime during annealing experiments in electron

irradiated GaP samples was concluded that P vacancies and not Ga vacancies are the main centers

competing with the near band edge CL. Dislocation density has not been found to be directly related

to vacancy concentration.

In the doped GaAs no spatial changes of positron trapping vacancies are detected but

a higher vacancy concentration than in undoped SI GaAs is deduced from positron results. Band

edge CL and dislocation density proTiles in the wafers investigated have the same shape only in

SI GaAs. Some of the results in doped crystals can be explained by the presence of impurity-vacancy

complexes.

1) G. Dlubek and R. Krause, Phys. Stat. Sol. (a) 102, 443 (1987)

2) \1. Tajima, in "Defects and Properties of Semiconductors: Defect Engineering", edited by J.

Chikawa (Tokyo, Japan: 1987) p. 37
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HOLE-DIFFUSION LENGTH AND TRANSPORT PARAMETERS OF THIN CDS FILMS FROM A
SCHOTTKY BARRIER

Jean EBOT'4E

Institut LEBEL, Universitd Louis Pasteur,
4, ru-e Blaise Pascal, F-67000 Strasbourg
FRANCE

The minorityv carrier d if fu s icn lenoth- of semiconductor thi n

fil:ms in polycry;stalline form is determined with a good precision b
(1,2)--BIC and LBIC techniques . he electron or laser beam used is scar-

ned across the junction. The principle applied in these cases micht

be attractive for the semiconducting hand side of liquid S chottky bar-

riers. *-cwever, these techniques cannot be easily used for such juno-

tions. The methods based on the Gardner approach ()remain so far more
convenient here, especially when very thin films are concerned. In this

context, two inoecendent techniques, namely, the surface photovolrace

(S?'J ) and the .:-otoelectrochemical ()measurements ser- ed in this

7h e octoelectronic and transport n r onoer'ci es of thin sprayed

CdS films, having a thickness of less than 2 . m are rezorted(6

two techniques used led to a good agreement in the hole-diffusion lengthi

valu.es. These rance frocm 0.017 to 0.15 Pm anda behaved differently in

two zones. A ra 0id increase of this parameter ik*s observed below,, a fil.m

thickness of 0,4 pm. Above this thickness, the value obtained is constant

Specific space-chare widths are expected because of the respective

m-easurement conditions. The hole-diffusion length decreases as carrier
density increases. The hole lifetime shows a regular decreases as the

thickness factor increases, while the hole-diffusion coefficient and

mobility patterns are similar to that of the photocurrent.

References
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(2) J.E. MAHAN, T.W. EKSTEDT, R.I. FRANK and R. KAPLOWN, IZEE, Trans.
Electron Dev. ED-26, 733 (1979)

(3) W.W. GARTNER, Phys. Rev. 84 (1959)
(4) B.L. WHEELER, G. NAGASI:BRAMAN IAN and 01. EARD, J. Electrochem. Soc.

131, 1038 (1984)
(5) P. SALVADCR, J. Appl. Phys. 55, 2977 (1984)
(6) J. EBOCTHE, J. Phys. 59, 2076 (1986)



BY SIMULTANEOUS EBIC/CL MEASUREMENTS

M. Eckstein, A. Jakubowicz'", M. Bode, H.-U. Haberneier

Max-Planck-Institut fir Festk6rperforschung

Heisenbergstra~e 1

D-7000 Stuttgart 80, West Germany

Both Electron-Beam-Induced Current (EBIC) and Cathodoluminescence (CL)

offer the possibility to study defects in II-V compound semiconductors

with a lateral resolution of about lpm.

With a new method, which uses the simultaneous measurement of both

signals, it is possible to distinguish between different influences on

signal strength (defect structure, defect geometry, decoration etc.) and

an excellent reconstruction of the defect geometry can be achieved (2) .

Although this method is a very useful tool to characterize defects in

direct gap semiconducters, there are some material dependent difficulties

to measure the required signals when observing temperature-induced changes

in defect recombination properties (degradation of contacts, surface

contamination etc.). We have overcome these problems and in this paper we

will report on the application of this technique to investigate the role

of impurity gettering and decoration on the recombination behaviour of

defects in GaAs.

In our experiment we diffused Copper into the crystal. We observed an

increase of the EBIC- and the CL-contrast and changes in the contrast

profiles. With the help of computer simulations these experimental results

can be interpreted as a homogeneous decoration of the defects and the

formation of precipitates.

(1) 'present adress: Weizmann Institute of Science, Dept. of Structural

Chemistry, Rehovot 76100, Israel

(2) A. Jakubowicz, 11. Bode, H.-U. Habermeier: Inst. Fhys. Conf. Ser. No.

87; Sect. 11 (1987) 763



LBIC ANALYSIS FOR GRAIN-BOUNDARY CHARACTERIZATICN IN INHOMOGENEOUS VATERIALS

H. EL GHITANI
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Facult6 des Sciences et Techniques de Marseille Saint-j~r6me

Universit6 d'Aix-Marseille III - F.13397 MARSEILLE Cedex 13

h.s :r.erfacial recombination velocity S of Grain.Budre (..s a

te ezvaluated by mearns cf L3-C sca=n line at -wave'ength A> 043 r.m u-sing a

rinite diameter light sroot. 70, S1 Cas roto s ed a -.eth.o d to de-1e rm irne S,
b-ased cn -.-e photocurrent attenuar:cn within a G.3. ,assumifng that the

mincrity carrier diffusion length L in the grains is ccnstant. Th-is ass,; :ticn
~s ot x~rimentally verified and caulses large errors in the S evaluaticn.

A model has teen developped, using the Green's -runcticn method, to
ccm=,u1oe th e L2PIC profile at different wavelengths taking in accolunt the 1bzcal

variazicn cf L determined experimentally. This mnodel is valid for different

statz diameters and for different thicknesses of samoies.
2

Experim7entally, arrays of -z:,all1 diodes (2 mm )realized in G.3.
containing r-egions of the material were used to drythe L3:C scan lines and

to m.eas-ure effective diffusion lencth of minority carrier by the S.?.V. mzethod

at different distances from a given 3.3. Details cf the experimnental technics

h-ave been given previously /2/.

* icure 1 shcws the ex:zer:7mental values (0) of th-e normalized pncoccu-rrent
v;1tnn a 3.3. , and cu-rve 2 -is tne cofile comp~uted w,,itn tne present mo-del,

vh ile curve 1 is that computed by m.eans of ZOCK's m.ethod.

A fairly well acreement is obtained betw.een the experiment2. ;taints and
t~emdel, ratclr- nte vicinity of G.S.

Directly from the attenuation of -hotocurrent- at G.3. Is the S values can

bL-e cbtained.

Ref erences
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Fig. 1. Fhotoelectric prof ile near a G. 3.
1/1 /() Zock'Is model ( 2) 7Present model

93 / *Exper:-,enta1 results.
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RECOMBINATION AT DISLOCATION LEVELS LOCATED
IN THE SPACE CHARGE REGION.

EBIC CONTRAST EXPERIMENTS AND THEORY.

J.L. Farvacque and B. Sieber, Labcratoire de Structure et Propri4tds de
!'Etat Solide. B~time.nt C6. Universit6 de Sciences et Techniques de
-lle. 59655 Villeneuve d'Ascq Cddex. FRA.NCE.

Recombination at dislocations located in the space-charge-recion
(SCR) of a Schottky diode has been previously evidenced by EBIC contrast
experiments 1]. A depth-dependent recombination probability was then
pnenomenologically ascribed to the dislocation, in order to fit
theoretical EBIC curves of dislocations perpendicular to the surface
with experimental ones. A variable radius E(z) was assigned to the
recombination cylinder which described the dislocation [2].

We propose a physical model associated with intrinsic dislocation
properties to describe the origin of such EBIC contrasts. They arise
from the existence of the dislocaticn electric field; it results from
_he interaction of traped carriers and counterbalances the electric
field of the Schottky diode in a limited region of the SCR. Thus,
recombination of free carriers at the dislocation is allowed.

The present model is built from a z-dependent occupation probability
at the dislocation sites. It is pointed out that the electrostatic
potential created by the dislocation charge is, at each site, issued
frcm its very first neighbours. This potential can be therefore
evaluated in the whole SCR, even when impurity ionization states are
depth dependent.

Free carriers and i(;nized impurities screening mechanism are taken
in:o account by means of a generalized Debye-H3ckel wave-vector [3]. The
electric potential and fields within the SCR are numerically computed by
sclving Poisson's equation.

:he z-dependent radius e(z) is finally taken as corresponding to the
distance from the dislocation line at which the dislocation
electric field is equaL to that of the Schottky diode.

EBIC contrasts are simulated by taking a 100% recombination
efficiency within the capture cylinder, and a 100% collection efficiency
outside. Calculated EBIC curves versus beam accelerating voltage and
reverse bias fit quit 5well 3the experimental ones performed on a n-type
CdTe specimen (n=3xl0 cm ). It is particularly found that the
dislocation level position needed to get the best fit seems to be near
the top of the valence band. These results show that a qualitative
spectroscopy of dislocation states can be undertaken by such EBIC
contrast experiments and analysis.

[1] 3. Sieber and J. Philibert (1987) Phil. Mag. 3 55 575
f2] 3. Sieber (1987) Phil. Mag. B 55 585
[3] R. Masut, C. Penchina and J.L. Farvacque (1982) J. Appl. Phys.

5 93 4964



Majority Carrier Assessment by EBIC: Determination of Dopant
Concentration at Composition Inhoinogeneities

C. Frigeri

CNR-MASPEC Institute, via Chiavari, 18/A - 43100 Parma (Italy)

The EBIC mode of an SEM has generally been used to measure the minority
carrier properties of semiconductors such as diffusion length L. However, also
majority carrier properties, i. e. dopant concentration, can be quantitatively
assessed by EBIC if due account is taken of the space charge region (SCR)
associated with the Schottky or p-n junction used for charge collection /I/. If
energy-dependent EBIC /2/ is used, the SCR width W is obtained by best fitting of
,he theoretical EBIC efficiency (dependent on L and W) to the experimental one.
Dopant concentration is then inversely proportional to W squared. The greatest
accuracy in :he determination of W (hence in dopant concentration) is achieved
when L is small (< I gm). For high values of L (> -3 gm), EBIC efficiency is much
less sensitive to W changes because the diffusion current of the electron-beam-
generated minority carriers is much greater than the drift current, which is mainly
affected by W, so that W determination becomes less reliable. The method is, thus,
very well suited for the evaluation of the majority carrier properties in low
diffusion length semiconductors, like the bulk 111-V compounds (GaAs, InP).
Moreover, higher sensitivity is achieved for low doping levels ( -1016 cm-3) than
for high doping levels (> -1018 cm .3). EBIC measurements of dopant concentration
at composition inhomogeneities (growth striations) have been carried out in GaAs
crystals. Evaluation of dopant density obtained by EBIC has been checked by
comparison with the average dopant density measured by capacitance-voltage
characteristics in the EBIC Schottky diode, and by measurement of W as a function
of reverse bias. Very good agreement has always been found. The method has also
been used to calibrate the photoetching technique in n-type GaAs /3/. It has, thus,
been possible to establish the etch rate dependence on dopant concentration which
resulted to be exponential over about one decade of dopant density, smaller
etching rates corresponding to higher dopant concentration. The latter result is
explained as being due to changes in the width of the depletion layer associated
with the band-bending at the etching solution-semiconductor interface. In fact,
since six (photogenerated) holes are necessary to dissolve one GaAs molecule at
the surface /4/, the fewer the available holes the lower is the etching rate.
Therefore, low doped regions exhibit higher etching rates than the highly doped
regions because the surface depletion layer (where the holes most likely do not
recombine) is larger for the low doped regions than for the high doped ones.

I) C. Frigeri, Inst. Phys. Conf. Scr. .. 745 (1987).
2) C. J. \Vu and D. B. Wittry, J. Appl. Phys. 49, 2827 (1978).
3) C. Frigeri, 1. L. \Veyher, and L. Zanotti, J. Electrochem. Soc., in press.
4) J. van de Ven, 1. L. \Veyher, 1. E. A. M. Meerakker, and J. J. Kelly, 3.

Electrochem. Soc. 123, 799 (1986).



On the Two-Dimensional Determination of p-n Junctions with the EBIC

Collection Probability

W. Hoppe, H. Kittler
Academy of Sciences of the GDR
Institute of Semiconductor Physics, Frankfurt (Oder) - GDR

Both the intrinsic defect structure in semiconducting materials and the

technological steps during microcircuit manufacturing (e.g. implantation,

rapid thermal processing) affect the diffusion process ot dopants. Using

the electron-beam-induced current (EBIC) technique it is possible to

determine in an experimental way the site of the space charge region and

of the electrical p-n junction, respectively.

In this paper the capabilities of reconstructing the one-dimensional

depth distribution 9(z) and the cross-sectional distribution '(x,z) of

the charge collection probability (r) are discussed. Based on the

assumption, that ?(r) achieves its maximum value at the site of the

electrical junction, ?(r) can be used for the p-n junction delination

from EBIC measurements. This practical method of EBIC data interpretation

suits in situations, in which the material parameters of the devices

under investigation, i. e., the diffusion length of the minority carriers

and the surface recombination velocity, are widely unknown.

The starting point in our dicussion consists in the recovery of the depth

distribution {z) from EBIC collection efficiency measurements by both,

a trial-and-error method (POSSIN, KIRKPATRICK 1980) and an analytical

solution of the inversion problem (DONOLATO 1986). Emphasis is put on the

possibility to determine the two-dimensional charge collection probabi-

lity Y(x,z) from EBIC measurements on cleaved samples.



EBIC MEASUREMENTS OF ANNEALED SILICON BICRYSTALS

A. IHLAL and G. NOUET
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ISMRa-Universitd de Caen, 14032 CAEN CEDEX (FRANCE)

Two silicon bicrystals have been analyzed by EBIC to deter-
mine the evolution of minority carrier properties such as diffusion
length, Lp, and recombination velocity, Vs, after different thermal
treatments. The geometric orientations of bicrystals are 26"62 <001>
Z13 and 16'26 <001> Z25. The grain boundary planes are (510) and
1710) respectively. Small deviations of the order of 0,15" to the
exact coincidence orientation are observed. The thermal treatments
were carried out in a high purity argon flow at 4501C, 750"C and
9501C for 2, 24, 48, 75 and 92h.

The concentrations of interstitial oxygen and substitutional
carbon were determined from infra-red spectra by measuring the
absorbance of 1107 cm"1  (oxygen) and 604 cm"  (carbon) bands. The
doping rate of the as-grown bicrystals was deduced from C=f(V)
plots : 5.1 1014 P at.cm"3 (Z13) and 3.6 101 P at.cm"3 (£25). For
the thermal treatments at 450"C and 750"C the concentration of free
carriers in the bulk can vary because of the formation of thermal
donors (450"C) and new donors (750"C). So their concentrations were
deduced from V = f(B) plots by determining the Hall constant RN. The
parameters L. and V. were measured using Donolato's model.

For the as-grown condition, a very slight EBIC contrast is
observed for both bicrystals, the recombination of £13 seems to be
slightly higher than that of Z25.

The recombination becomes real for the treatments 75h 450"C
and 92h 450"C and a slight increase of the free carrier rate is
cbserved for the Z13 orientation whereas this rate is nearly cons-
tant for the £25 orientation. No significant variation of oxygen and
carbon concentrations is detected.

The 750"C treatments are characterized by the formation of a
EBIC dotted contrast for the Z13 orientation except for the shortest
treatment which shows a homogeneous contrast. For the £25 orienta-
tionn, the contrast varies from homogeneous (2h), homogeneous plus
dotted contrast (24h, 48h), homogeneous (75h) and finally dotted
(92h). This dotted contrast has been attribued to precipitates but
no clear evidence of a decrease of the oxygen concentration has been
measured. Conversely, the behaviour of free carriers is more complex
and the formation of acceptors can be assumed (£13).

At 950"C, the EBIC contrast is always dotted for the Z13
orientation except for the shortest treatment (2h), in this case a
homogeneous contrast is detected with a very weak dotted contrast.
For the Z25 orientation the EBIC contrast is always homogeneous,
very strong, whatever the temperature. It is worth noticing that a
supplementary band (1225 cm'' ) attributed to SiO, precipitated is
detected for the 75h treatment. A decrease of the interstitial oxy-
gen is also measured for the 92h treatment but the supplementary
band has not been seen.

Two types of precipitates have been observed by TEM : a ho-
mogeneous distribution of small precipitates (: 5 nm) and larger ag-
gregates (100 nm). The distance between the largest precipitates
corresponds approximately to the distance between the darkest spots

observed in EBIC mode.
From these observations, it is clear that, at least, two ty-

pes of EBIC contrast, homogeneous or dotted, are detected. If the
dotted contrast can be due to the largest precipitates, the homoge-
neous contrast could be attributed to the smallest precipitates.



Reconstruction of the Defect Geometry by simultaneous

EBIC/CL Measurements; Theory and Experimental Results

A.Jakubowicz', M. Bode and IL-U. Habermeier

Max-Planck-Institut fiir Festk rperforschung

Heisenbergstrasse 1, D-7000 Stuttgart 80

Federal Republic of Germany

Electron beam induced current (EBIC) as well as Cathodolurninescence (CL) are widely used to

investigate defects in semiconductor materials. A quantification of these methods, however, is difficult,

since several possible effects may contribute to the observed contrasts (e.g. geometrical changes of the

defect or a varying recombination along the defect).

Recently a new model was proposed (1] to overcome these problems for luminescent materials such as

GaAs by a simultaneous measurement of EBIC and CL. The different effects due to the diffusion length

L of the minority carriers and the absorption coefficient a of the photons on the two signals allow to

determine the local depth of a defect from these measurements. In this way the geometry of the defect

can be reconstructed.

Together with the EBIC- or CL-contrast this allows to separate the geometrical contributions to the

contrast from the contributions due to a varying recombination strength.

We will present the theory for this new method, together with experimental results on known defects

in GaAs to show the excellent agreement between real structure and reconstruction.

[11 A. Jakubowicz : Defects in Semiconductors, Proc. 14 h Int. Conf. Def. Semicond. (ed. H.

Bardeleben, Trans Tech Publ., Switzerland) Mat. Sci. Forum Vol. 10 - 12, 475 (1986)

* present adress : Weizmann Institute of Science, Dept. of Structural Chemistry, Rehovot 76100, Israel



INTERNAL MEASUREMENTS FOR FAILURE ANALYSIS AND CHIP VERIFICATION
OF VLSI CIRCUITS

J. Kdlzer and J. Otto

SIEMENS AG, Corporate Research and Technology
Otto-Hahn-Ring 6, D-8000 MUnchen 83, Federal Republic of Germany

Chip verification and failure analysis during the design evaluation of
very large scale integrated (VLSI) devices call for highly accurate inter-
nal analysis methods. After having characterized the first silicon by au-
tomated functional testing, classification and statistical analysis can be
carried out: In this way a rough electrical evaluation of the material un-
der investigation can be made. Further clues to a faulty device behavior
can only be obtained by internal measurements. Serious malfunctions of
circuit blocks and internally traced signals can easily be detected by
scanning electron beam operation, making use of the qualitative voltage
contrast; several individual modes of operation are known, such as voltage
coding, logic-state mapping and frequency tracing and mapping, for example
(1]. While electron beam testing is indispensable for nondestructive and
nonloading measurements on submicron interconnection lines (2] mechanical
probing can be used for waveform measurements on less critical geometries,
too (3]. Hot spot detection (liquid crystal thermography) can be a very
helpful and also nondestructive analysis tool for localization of defec-
tive areas (4). Areas of high power dissipation on the chip can easily be
located, because they appear as black spots when the IC-surface is viewed
through crossed polarizers in the optical microscope. In situations where
there does not appear to exist a direct link between the occurance of hot
spots and the actual defective area, the laser is a powerful tool, solving
this problem by subsequent cutting of metallization lines [5). Additio-
nally defect identification often calls for destructive methods like wet
chemical and plasma etching followed by light or SEM inspection.

In an extreme case of failure analysis the storage function of a memory
device was crippled by systematic defects inside the chip's periphery
which could be observed, localized and identified. A further step taken
was laser manipulation at the chip level, which restored the chip's func-
tionality (6] The comprehensive analysis strategy used here places a
greater emphasis on verifying the failure cause through chip manipulation,
resulting in a steeper learning curve during the product development.

Internal measurements on submicron interconnection lines for chip verifi-
cation call for a highly accurate electron-beam tester. The system perfor-
mance requirements for CMOS circuits in the sub-pm regime are: a 0.1 pm
spatial resolution at a low electron acceleration voltage of 1 kV, and a
probe current of more than 1 nA, a temporal resolution of approximately
500 ps, and a voltage resolution of about 20 mV. To fulfill these require-
ments a new electron optical column has been developed in collaboration
with Integrated Circuit Testing GmbH (7]. The main feature of a low-aber-
ration compound spectrometer objective lens is the suppression of line-to-
line voltage coupling to less than 2 %. Some examples illustrate that the
newly developed electron optical column satisfies all the requirements for
internal measurements on VLSI circuits.

(1] E. Wolfgang, Microelectronic Engineering 4 (1986) pp. 77-106
(2] J. Kolzer, F. Fox and D. Sommer, submitted to the Electrochemical Society, Chicago.

Oct. 9-14th, 1988.
[3] J. Hiatt, IEEE (1980) 116-120
(4] F. Eeck. Quality and Reliability Engineering International 2 (1986) 143-151
(5) H. Yamaguchi et al., IEEE. Journal of Solid-State Circuit SC-20 (1985) pp. 1259-1264
(6) J. Klzer, F. Frieling and D. Cutter, Microelectronic Engineering 6 (1987) 23-28
(7] J. Frosien and E. Plies, Microelectronic Engineering 7 (1987) 163-172
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In itu observation of dislocation motion in CdTe
using EBIC.

J.Kronewitz and W.Schriter

4.Phy.sikalisches Institut and Sonderforschungsbereich !26.
University of G3ttingen. D-3400 G~tiingen.

Bunsenstr.11-15. Federal Republic of Germanv

Abstract

Dislocations in compound semiconductors are thought to be decorated with point
defect clouds that may dominate the observed electrical activity. We were able to
separate the point defect cloud from the dislocation by in eitu observation of dis-
location motion using a deformation apparatus in-talled in the scanning electron
microscope. CdTe crystals were deformed by compression at room temperature.

Concerning the EBIC-contrasts associated witl mooing dislocations we have dis-
tinguished two ca.es:
1) Some dislocations showed almost no EBIC-contrast between their initial and
their final position. Dislocation motion was only detectable by the occurence and
growth of a new contrast while the contrast at the initial position slowly disap-
peared. We have concluded that in this ease the EBIC-contrasts were mainly due
to point defect clouds which were left. behind when the dislocations moved and
had to be re-established at the final position.
2) Other dislocations in the same specimen moving in the same direction showed
EBIC-contrasts of constant intensity during motion, even at a velocity of up to
10 microns per second. No contrasts remained at the initial positions of these
dislocations. In this case the origin of the EBIC-contra.st seemed to be fixed to

the dislocation line also during fast motion.
Different dislocation types or different types of decorating point defects may be
responsible for the different EBIC-contrasts during dislocation motion.



Doping Profi Ie Inspection in Silicon by Low
Acceleration Voltage SEM-EBC

Reinhard Kuhnert

Siemens AG, Research Laboratories, D-8000 Md4nchen 83
Federal Republic of Germany

EIC micrographs of sectional planes are a common tool for the
delineation of p/n-junctions. The EBIC contrast has been inter-
preted based on models originating from van Roosbroeck /l/ in
which the specimen is characterized by a recombination velocity
at the sectional plane and a bulk recombination parameter (e.g.
the minority carrier diffusion length).

in this work, VLSI devices are inspected at low primary
electron accelerating voltages. The ZBIC contrast is manifestly
dependent on the preparation of the sectional plane (cleaving or
lapping with subsequent ion milling with argon or oxygen and
with or without additional annealing) and in neither case can be
explained by van Roosbroeck's model, since the EBIC maximum does
not coincide with the space charge area of the p/n-junction.
Thus, a new model is developed, based on the following
ass .Ptions :
A sectional plane introduces surface states, and as a result

the fermi level is pinned. The electric field perpendicular to
the sectional plane can be expressed in Schottky's
approximation.
The minority carrier lifetime beneath the sectional plane is

drastically reduced by damage introduced by lapping and
sputtering or cleaving. Thus, the carrier separation is governed
by the electric field, not by diffusion.

Depending on specimen preparation on p-type silicon an
inversion channel may transport minority carriers to the n-type
region where they can be detected as beam induced current. On
n-type silicon a minority carrier channel does not exist and,
zhus, a beam induced current can not be detected.

As a result of these assumptions, the collection efficiency
.1 can be expressed as a function of Fermi level position at the
sectional plane OB ' (measured from the top of the valence
band), the surface Irifetime TS, the surface mobility pS, the
primary electron extrapolated range .RG, and the (p-type) doping
concentration NA.

For discussion the doping profiles of several specimens were
measured with SIMS or calculated with a numerical simulation
program (SUPREM III) and the model calculations are compared to
EBIC measurements. For drain profile inspection a resolution of
50 rm is achieved.

reference :
/l/ W. van Roosbroeck : "Injected Current Carrier Transport in

a Semi-Infinite Semiconductor and the Determination of
Lifetimes and Surface Recombination Velocities",
J.Appl.Phys. 26(4), 380-391, (1955)
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High spatial resolution electron beam induced current.

J-L. MAURICE

C.N.R.S.

Laboratoire de Physique des matdriaux

1, place Aristide Briand - 92195 MEUDON FRANCE

Thin samples were used to diminish both beam spreading and effective
minority carrier diffusion length, in order to eventually obtain better

spatial resolution ( 1,2 ].

Schottky contacts were deposed by thermal evaporation of Al on p-Si
and of Au on n-Si. The experiments were carried out on bicrystals with the
grain boundary (GB) running from thick to thin zones. Recombination
velocity of the GB considered ( Z = 25, annealed ) was always greater than

103 ms-1 .

Contrast width at half maximum diminished with thickness : starting
from 10 - 15 Pum in the bulk it became 1 1 pm in zones of 1 .im approximate

thickness. The EBIC collection efficiency at that level was, with respect
to the incident beam intensity, = 1 %. The signal vanished in zones thinner

than 1 pm.

(1] P-M. PETROFF in "Microscopie 4lectronique en science des

matdriaux", dditions du CNRS, Paris 1983, p. 311.

[2] C. CABANEL, J-L. MAURICE, J-Y. LAVAL

Materials Science Forum 10 - 12, 545 (1986).



EXTRINSIC ORIGIN OF RECOMB1INATIGN CENTIRES AT GRAIN BOUNDARIES IN P TYPE

SILICON BICRYSTALS.

M. PASQUINELLI, N. M-GAFFAD I H. ANANRICH, L. AIM1OR and S. MARTINUZZI

Laboratoire de Photo6lectricit& des Semi-Conducteurs

Facult6 des Sciences et Techniques de Marseille Saint-j~r~me

Universit6 d'Aix-Marseille III - F.13397 MARSEILLE Cedex 13

.he oricin of reccomoination centres at rran tou-ndaries (3.3.1s) 2:9 and

Z13 in "C7" grocwn biorystals, dcp ed with10 15 om-- boron atoms, has .b:een

investicated. L.B.I.C. scan maps at A= 940 nm and glotal capacitive

m-easurements (C-V plots, DLTS) applied to the space charge regiocn cf G.3.'s,
n-ave been used. The first t-eonnic allows the local determination of

interfacial recombination velocity S, ,:hile the seodoelast vrg

values c-: energy Edensity NT and cross section or of recomibtatcon centres

of: G.Bis. ropilng atoms profiles can also be obtained within G.3.1s.

~he results indicate that the two types of G. 3.'1 s, and parti-cularly r 9

*-av.e not a noticeable recombination activity in tnea as grow.n bicrystals.

Annealin:s at temperatures about 6001C, at least, during several hours are

needed to a=ctivate Z.13 0.3.1s heterogeneous ly.

The average values of obtained by DLTS are in the range b-etw,.een 0.4

and 0.5 a-7. For such values, it w as reocrted that oxygen or SiO,<O ;reoipitates

could be th-e source of these deep levels ,'i/.

in a=coition, Ratistella et al. /2/ have observed that the activat:on or

G.B.'s is nreterogeneous and due to localized recomo-in-ng clusters.

A~s t-e investigated C1=1 silicon contains a large amount of oxygen, it

could be assumed that oxygen segregation by G.3.1s explains the enhancement of

recombination activity during the annealings. 2:9 G. 2. 's remain poorly

recombining, probably because dopant atoms have been segregated during crystal

growth, as suggested by the doping profile within a G.3. given by f^igure 1.

References

/l/ K. SC:-*XALZ, F'.G. KIRSCHT, H. KLOSE, H. RICHTER and K. TIT1TELBACK-iHELY:-RICH,
Fhys. Status Solid (a) 100 P.567 (1967). th

/2/ F 3A7STELLA et A. ROCH-ER, Proc. of 6 rroa htvSlE.of
London, April 1985, pp.113-117.

Pig.1. :!et density of negative charges

tn the space charge region of

Z9 G3 after annealing at 90CcC ......

du.ring 24H. ;



EVOLUTIONS OF GRAIN BOUNDARY RECOMBINATION ACTIVITY IN POLYCRYSTALLINE

SILICON INVESTIGATED BY LBIC MAPPING AND DLTS.

M. PASQUINELLI, N. M'GAFFAD ,H. AIKANRICH and S. MARTINUZZI

Laboratoire de photo~lectricit6 des Semi-Conducteurs

Facult6 des Sciences et Techniques de Marseille Saint-j~r6mne

Universit6 d'Aix-Marseille III - F.13397 MARSEILLE Cedex 13

.En large s-rained po lycrystall~ine silicon, the reccomz -- naticn act-..vity of

grain tot_-ndaries (G.3.2s) ijs typically heterogenecus. .hi's activ'ity may be

evaluated by the determination oF interfacial reccmtbination velocity S
which is related to the oresence of deeD trao levels at 03.1s.

F.otocond-uctance and L3ITC mappi*ng at 9 40 n-i *av-e -een u-sed to

evaluate S, while D.I.T.S. measuremnents aoolied to the space charge region of

G.3. 's yield activation energy E, ensit-y NT and capt~ure cross section UT o

associated centres.
: n as-grow,,n Folyx wa-fers, S is generally Fcourdc in tr~e rance between

13Z 10 4 C11. s- and deep trap levels are located within trhe m-id gap.
nnealings in argon at temteratures around 'CC0C increase S and NT

while Eand or remain generally constant. These re it ndicate --hat the

.ncrease o f S i s due to that o~f N- only, and the naturea or tn'e recoc:'-_natiocn

centre source is not changed.
'o edce th -ec -ination activity olf G.B. 's, annealings in h-ydrogen

gas flow at 28CcC during 2h have been u sed /1/. The ccomt.ariscn or the
m.ea=sured characteristic valu.es shows th-at S decr-eases by one order of

mracnitude at least. D.L.T.S. indicate tchat- 'J decreases, whil~e E~ and a-~ are

not affected by the treatment.

The preceeding results could be explained assuming that hydrogen

Passivation is not extended to the entire G.3. area and that in the region in

w hi.c h hydrogen has penetrated, all the recomnbination centres can be

cassivated. This last evolution is reversible, as annealing the wafers in

argon at 350 0 C during 2 hours is sufficient to restitute the initial value of

S, suggesting that Si-H bonds are not formed.

Reference

/l/ H. A4ZL, Th~se d'Etat Marseille 1S85.
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TEMFERATURE DEPENDENCE OF CL AND EBIC IMAGES OF DISLOCATED GaAs AND Si

T. Sekiguchi, Y.. Miyaniura and K. Sumino

Institute for Materials Research, Tohoku University, Sendai 980, Japan

The interactions of dislocations with impurities and/or point defects in GaAs and Si crystals with

various thermal histories are investigated by observing the temperature dependence of the CL and EBIC

images. Since the impurity distribution around a dislocation changes drastically with temperature, the

specimens with different thermal histories show various CL or EBIC contrasts reflecting the distribution

of impurities and/or point defects.

(i) CL in GaAs
LEC-grown GaAs crystals doped with different concentrations of Si are studied by means of

cathodolurninescence. The observations at room temperature with a SI photomuitiplier reveal the followings.

The higher the Si concentration is, the stronger the CL intensity is. The CL contrast is rather uniform

throughout the specimen of a high doped crystal, while a contrast pattern related to the distribution

pattern of dislocations is observed in a low doped crystal. An investigation-) is done to see how the

CL contrast pattern is influenced by thermal history of the specimen with a low doped crystal with Si

the electron concentration of which is 1 x 1016 cm-", In an as-grown crystal the grown-in dislocations
are observed as dark spots with bright regions around them. A specimen rapidly cooled after annealing

at 1050'C shows a uniform CL contrast. On the other hand, the specimen slowly cooled from 1050'C

shows the CL contrast similar to that in the as-grcwn crystal. This results from the interaction between

dislocations and the non-radiative recombination centers. Various heat treatments of the specimens reveal

that the impurities related to non-radiative recombination centers are gettered by dislocations most

effectively at temperature around 750'C.
Temperature dependence of the CL contrast is studied with the same specimen using a Ge detector.

The spatial distribution cf CL intensity shows a quite complicated change with respect to the temperature

of the observation. The CL intensity is rather uniform at temperatures below 40K irrespective of

dislocation distribution. In the temperature range 50 to 80K the CL intensity around a dislocation

becomes strong. At 120K another contrast pattern which is not related to the dislocation distribution is

developed. At room temperature the regions in the vicinity of dislocations show much stronger CL than

in the regions far from dislocations.

(2) EBIC in cast Si

Cast Si crystals (p-type; B doped) annealed at 800'C are studied by EBIC technique2). The

specimen quenched from 800'C shows dark contrasts along dislocations. On the other hand, the specimen
slowly cooled from 800'C does not show such contrast around dislocations at room temperature. However,

it shows the similar contrast as in the quenched specimen below 120K. On the assumption that

recombination occurs via one shallow acceptor level and the hole occupation probability of which is

proportional to the recombination efficiency, the energy levels of the recombination centers are determined
to be Ev -0.38eV and Ev + 0.11eV for the quenched and the slowly cooled specimens, respectively, from
the analysis of the temperature dependence of the contrast pattern. They correspond to the 'evels of

Fe interstitials and Fe - B pair, respectively.

1) T.Sekiguchi and K.Sumino : Jpn. J. Appi. Phys. 26 (1987) l219
2) Y.Miyianura. T.Sekiguchi and K.Sumino : to be published (1988).
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MICROSCOPIC AND !:ACRCSCOPIC EVALUAT:CN OF THE RECOMBINATION CCNTRAST

7!, PLASTICALLY DEFORMED AND ANNEALED SILICCN BY XMEANS OF EB:C-SEM

L.W. Sn'vman

Physics Department, University of Port Elizabeth,

Port Elizabeth, 6CC0 South Africa.

Single crystalline silicon bars were plastically deformed in the

temperature range 850'C - 1200'C and annealed for periods ranging

frcm 0 - 1 hour.

The recombination contrast in the crystals was assessed on both a

microscopic and on a macroscopic level by using different Schcttky

contact and electron beam scanning geometries.

in particular, a special through-Schottky contact imaging technique

was developed that enabled evaluation of the minority carrier

diffusion length over large crystal areas (200pm x 200um) while still

resolving recombination contrast from individual defects in the

crystal. This technique was facilitated by using a special beam

current measuring mechanism in the collection circuitry and, with the

aid of some theoretical manipulations, enabled the accurate

experimental determination of the collection efficiency of the

Schcttky contact for minority carriers as a function of beam position

and also as a function of the EBIC signal level. By employing the

collection efficiency dependency as a function of the minority
1,2carrier diffusion length at high kV injection , the grey levels in

the final EBIC image could be accurately calibrated in terms of the

the minority carrier diffusion length. Thus contrast due to

recombination at individual defects is preserved while the background

EBIC grey level between the defect contrast depicts the value of the

minority carrier diffusion length in the vicinity of the defect.

This technique therefore has great potential for application in

defect gettering studies.

The main results of the study and the detail of the imaging

techniques will be presented.

References:

1. C J Wu and D 3 Wittry, J Appl Physics 49, 2827 (1978).

2. R D Bell and J I Hanoka, J Appl Physics 53, 1741 (1982).
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SEM/EBIC STUDY OF ELECTRICAL PROPERTIES IN BULK AND
AT GRAIN BOUNDARIES IN Sb-DOPED GERMANIUM

N4. Tabet*, C. Monty
Laboratoire de Physique des Matdriaux, CNRS, 92195 MEUDON, France

SEM/EBIC * technique has been used recently to investigate both bulk and grain
boundaries (GBs) electrical properties in germanium polycrystals [1). In this
work, the minority carrier diffusion length has been deduced from Schottky
contact efficiency measurements using an original model taking into account the
recombination of electronic carriers at the metal-germanium interface [2]. The
EBIC observation of GBs shows three different behaviours i) active
suboundaries, ii) inactive suboundaries and iii) inactive highly misoriented
grain boundaries. These defects have been characterized from a structural point
of view using X-Ray topography (Berg Barrett) and ECP (Electron Channeling
Pattern).

The EBIC contrast profiles measured on the active suboundaries have been
analyzed using Donolato model [3].

The GBs recombinaison velocity of the holes deduced from these measurements is
around 5.10 5cm/s.

The influence of various heat treatments has been also studied. The results show
that the bulk minority carrier diffusion length decreases from 16 pIm to 3 J'm
after an annealing at T = 312°C during t = 2 hours. Moreover, some inactive GBs
show a high white EBIC contrast after annealing. It has been shown that this
behaviour is a consequence of the hole diffusion length decrease in the bulk.

E3IC measurements have been performed at various temvlratures (150K-300K) and
for different injection levels. The results show the pre.ence of a hole trapping
process at some GBs. Such traps behave as recombination centres when the
temperature decreases and/or injection level increases.

Electron Beam Induced Current
Permanent address : Laboratoire de Physique des Solides.
Universitd de Constantine, Algeria.

[1] N. TABET, C. MONTY, Phil. Ilag. B, 6 (1988) 763.
[21 N. TABET, R.J. TARENTO, Phil. Mag. to be published.
(3] C. DONOLATO, J. Appl. Phys. 54 (1983) 1314.



Scanning Isothermal Current Transient Spectroscopy (SICTS)

for Deep Level Characterization
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We reported Isothermal Capacitance Transient Spectroscopy (ICTS),

with which deep level signals can be obtained spectroscopically under

isothermal condition. 1) ICTS was applied to the measurement of deep

states in amorphous and crystalline semiconductors. 2.3) This method

has an advantage : measurements are made at constant temperature.

Therefore, this method is considered to be more suitable for the

microscopic spatial characterization than scanning DLTS. 4)

In the present case, we measure current transient signals instead

of capacitance transient ones and plot tI(t) vs t or tdl(t)/dt vs t (t

is time and I is current). A peak appears at a time corresponding to

the emission time constant of a deep level, whose height gives the

density of the level. The measurement and signal processing are

performed with a computer-aided measurement system. Optical beam pulses

from a semiconductor laser are used to fill the deep levels with

carriers and the specimen stage is moved mechanically for scanning with

the optical beam.

We have applied this ICTS method to the characterization of gap

states in undoped a-Si:H films. It has been found that the behavior of

transient current I(t) agrees well with that of capacitance and I(t) is

due to the thermally excited carriers (holes). SICTS measurement has

been performed on the material and the gap state distribution has been

obtained.

1) H. Okushi and Y. Tokumaru : Jpn. J. Appl. Phys. 21 (1981) Suppl.

20-1, p.261.

2) H. Okushi : Philos. Mag. B 52 (1985) 33.

3) H. Tomokage, T. Miyamoto, H. Okushi and Y. Tokumaru : J. Appl. Phys.

62 (1987) 4806.

4) P.M. Petroff and D.V. Lang : Appl. Phys. Lett. 31 (1977) 60.



DETERMINATION OF ELECTRON BEAM CHARGING CONDITIONS OF OXIDES
AT LOW ENERGY IN THE LOW DOSE RANGE
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Scanning Electron Microscope (SEM) voltage contrast techniques proved to
constitute a valuable tool for testing integrated circuits (IC). However, the
active components may be damaged by electron beam irradiation, so that it is
of great importance to determine accurately the allowable limits.

Differents types of effects arise and starting from high to low primary
energies, two zones may be distinguished. In the case of classical >XOS
transistors, if the primary electron (PE) penetrate down the gate oxide,
strong charging effects result (1) but if the PE are located on the top oxide
above the polysilicon gate only existing flaws inside the gate oxide are
influenced by reemitted photons. So the sensitivity of the observed threshold
voltages shifts are strongly dependent on the incident beam energy (1,2). In
the case of the floating gate MOS transistors, due to the fact the deposited
charges by the electrons on the top oxide are not electrostaticaly screened,
an additional channel conductance modulation occurs.

The purpose of this paper is to show the achievement of e-beam charging
evaluations on insulators using MOS floating gate transistors. This method is
achievable in classical SEM without any additional surface preparation.

i¢e present the different ways to obtain quantitative results using either a
couple of classical and floating gate transistors either a controlled gate
element. The equations governing the electrical characteristics of the
floating gate MOS transistors are derived, they show good agreement with the
experimental results. The deposited charges may be evaluated both in linear
or saturation regions of the devices assuming a previous characterization of
the technology used. The negative charging evaluation are obtained in the 2-6
keV range and our method allows the determination the following magnitudes
I.10"9 -1.10-6 C.cM "2 . Basing on these results, it is shown that surface charge
exchanges are necessary to fit experiments and theory in the range considered.

Finally, we have shown the possibility of e-beam charging evaluations on
microelectronics insulators, using sinple MOS devices, with good accuracy and
sensitivity.
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Thickness Dependence of Cathodoluminescence in Thin Films

Yuan J, Berger S* and Brown L M

Cavendish Laboratory, Madingley Road, Cambridge CB3 QIE, U.K.

Abstract. - Thin film samples have been increasingly used in high resolution imaging studies .

cathodoluminescence (CL) from materials, in order to achieve the smallest CL source possible[l-S]. The analvsis

of the luminescence signals from thin film material is often hampered by the changes associated with the film
thickness variation. This thickness effect has been analysed in a simple model which takes into account the
diffusion of the excited states in thin films. The electron beam is assumed to provide a uniform excitation density
over the entire film thickness appropriate to electron transparent films (the definition of which is also given). The

intensity variation of CL signal as a function the foil thickness t is given by the formula I(t) = I0( t - 2.

coth-L + f

where L is the diffusion length of the energy carrier in a bulk sample; f is the ratio of the bulk diffusion 'velocity'

L/ to that of the surface diffusion velocity s. Both physical parameters can be obtained from a plot of the CL
intensity verses the film thickness. This has been applied to a number of materials such as Y-O:Eu3 +,

YAG:Ce3+, Diamond and InP. For the last two types of materials, the result of the analysis is consistent with

those from other experiments[3,4]. For phosphors with a relatively large doping of luminescent ions, the

saturation effect caused by an intense excitation density must be taken into account in interpreting the physical

parameters deduced[5,6].

(1] Petroff P M, Lang D V Strudel J L and Logan R A, SEM, 1(1978), 325, SEM Inc. Chicago

[2] Pennycook S J, Brown L M and McGovern S, Phil. Mag. 41A(1980), 589-600
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6477-6492

[4]Sellschop J P F, 'Nuclear probe studies', in The properties of diamond (1979), ed. Field J E, Academic

press.

[5]Berger S, McMullen D, Yuan J and Brown L M, Inst. Phys. Conf. Se. 78(1985), 137

(6]Berl A, Physica XV(1949), 361
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